The phase angle (PhA) seems to be a reliable screening tool for the identification of malnutrition risk in hospitalized children with inflammatory bowel disease (IBD). The aim of the present study was to assess the body composition and nutritional status of hospitalized children and adolescents with IBD by using bioelectrical impedance analysis (BIA) with phase angle (PhA) calculation, which has not been evaluated in hospitalized children with IBD yet. A total of 59 children and adolescents aged 4-18 years, with IBD: 34 ulcerative colitis (UC) and 25 Crohn's disease (CD) were included in the study. The control group consisted of healthy children and adolescents, strictly matched for gender and age in a 1:1 case-control manner. In both groups, BIA was performed and PhA was calculated. IBD patients had significantly lower PhA (UC: 5.34 ± 1.34 vs. 5.96 ± 0.76, p = 0.040; CD: 5.16 ± 1.18 vs. 5.90 ± 0.62, p = 0.009) compared to the control subjects. Significant changes in selected body composition parameters were observed particularly in CD, especially in fat free mass components. Lower phase angle score together with lower body composition parameters and selected nutrition indicators in children and adolescents with IBD demonstrate their worse nutritional and functional status compared to healthy subjects.
Introduction
Bioelectrical impedance analysis (BIA) has been used since the late 1980s as a portable, easy-to-use, inexpensive, non-invasive and safe technique for assessing body composition [1] [2] [3] . The detection of nutritional status in children with different clinical conditions requires the measurement of both fat mass (FM) and fat free mass (FFM). Body cell mass (BCM) is the metabolically active component of FFM and reflects the functional status of the cellular component of the body [4] . BIA-derived phase angle (PhA) is a variable obtained from the relationship between Resistance (R) and Reactance (Xc) (R/Xc × 180 • /π) and seems to be a new promising indicator of nutritional status [2] . Its biological meaning is not completely understood, although it is interpreted as an indicator of membrane integrity and water distribution between intracellular and extracellular compartments [5] .
Materials and Methods

Ethics
The study was approved by the institutional Bioethics Committee at the University of Rzeszów (Resolution No. 5/02/2012) and by all appropriate administrative bodies. The study was conducted in accordance with ethical standards laid down in an appropriate version of the Declaration of Helsinki and in Polish national regulations. The study was conducted according to the STROBE criteria and registered www.researchregistry.com (IUN research registry researchregistry3834).
Subjects
The study group consisted of 59 children and adolescents (25 girls, 42 .3%) with non-specific IBD (34 children with UC, and 25 children with CD) hospitalized in the Clinical Department of Pediatrics with the Pediatric Neurology Unit at the Clinical Regional Hospital No. 2 in Rzeszow. Patients with both newly diagnosed IBD as well as subjects at different stages of treatment were included.
According to the CD Registry in Poland based on data from 95 centers, there are currently 6112 patients suffering from CD, both adults and children. In the Podkarpackie Province, where our study was conducted, 28 children with CD are currently registered. There is no nationwide register of patients with UC in Poland. However, analysis of the Epidemiological and Social Report on IBD for the year 2016, gives the information that in pre-school age UC is the most frequently diagnosed inflammatory bowel disease, while in the teenagers, CD is roughly three times more prevalent than UC. Taking into account these data, we can assume that almost all pediatric patients with CD and vast majority of children and adolescents with UC from Podkarpackie Region were included in our study.
The inclusion criteria were as follows: diagnosed non-specific IBD; age 4 to 18 years, no other autoimmune or chronic disease having impact on height, weight or nutritional status and written informed consent signed by parents or legal guardians, and also by adolescents aged over 16.
The control group consisted of the same number of children and adolescents selected from primary, junior high and high schools from urban and rural areas. The inclusion criteria for this group were the same with the exception of non-specific IBD. The IBD and healthy subjects were strictly matched for gender and age (the nearest possible date of birth) in a 1:1 case-control manner. The flow chart demonstrating selection of the study and control groups is presented in Figure 1 , while characteristics of all groups is presented in Table 1 . In the CD group, at the time of BIA measurement, 12 children (48.0%), 8 boys and 4 girls were using immunosuppressants; 5-ASA derivatives were used in 3 children (12.0%), 2 boys and 1 girl. Ten children (40.0%) (7 boys and 3 girls) did not take any medication at the time of the BIA measurement (newly diagnosed children). In the UC group 9 children (26.5%), 3 boys and 6 girls were using immunosuppressants. Glycocorticoids were used by 3 children (8.8%), 2 boys and 1 girl. 6 children (17.6%), 3 boys and 3 girls were treated with 5-ASA derivatives. 16 newly diagnosed children (47.1%), 9 boys and 7 girls did not take any drugs.
Assessments
In all children and adolescents weight and height were measured and BMI was calculated. Then BIA was performed using AKERN BIA-101 analyzer (Akern SRL, Pontassieve, Florence, Italy) to assess the body composition and nutritional status. The measurements were conducted between 7:00 and 12:00, in a fasting state, in supine position, with abducted upper (30 • ) and lower (45 • ) extremities, after at least 5 min of rest. A tetrapolar system with a contralateral mode was used. Amplitude of measured current was 800 µA, sinusoidal, 50 kHz. To ensure reliability and repeatability of the results obtained, two measurements, one after another, were performed. Disposable electrodes were placed on the dorsal surface of the right upper (over the wrist) and right lower limb (on the ankle). The results were analyzed with a specialized software (Bodygram1_31 by AKERN, Pontassieve, Florence, Italy).
BIA analysis included: fat mass (FM), fat free mass (FFM), muscle mass (MM) (kg and %), total body water (TBW), intra-and extra-cellular water (ICW and ECW) (liters and %), body cell mass (BCM) (kg and %) and body cell mass index (BCMI), and, upon resistance and reactance results, phase angle was calculated. In addition, fat mass index (FMI) and fat free mass index (FFMI) were calculated.
Statistical Analysis
The statistical analysis was performed using the Statistical Software for the Social Sciences SPSS Statistics 20 (IBM Software Group, San Francisco, CA, USA). Normality of distribution was assessed with the Kolmogorov-Smirnov and Shapiro-Wilk tests. The continuous data are presented as mean ±SD (standard deviation). Differences between groups were analyzed with the two-tail student's t-test for independent variables in case of parametric distribution, while Mann-Whitney U Test was used in case on non-parametric distribution. The categorical data were compared using χ 2 test. A P value below 0.05 was considered statistically significant. The statistical power of our study was 0.88, which is above the lowest recommended power of 0.8.
Results
Body mass index was not significantly different between patients with UC and healthy controls, while the patients with CD had significantly lower BMI. This difference appeared to be significant only among boys and not among girls (Table 1) .
Phase angle score in the patients with IBD was significantly lower compared to the healthy subjects and it was more pronounced in the patients with CD ( Table 2) . Body composition parameters were not significantly different between the UC and control groups. In the CD patients, fat free mass, fat free mass index, muscle mass, total body water, body cell mass and body cell mass index were significantly different compared to the control group. However, variables measured as percent of mass or volume appeared to be different only with regards to body cell mass ( Table 2 ).
In the analysis according to gender, phase angle score was significantly lower in the girls with UC compared to the healthy subjects. They had also lower BCM%. PhA and body composition parameters in the boys with UC were not significantly different in comparison with the healthy boys (Table 3) . Inversely, in the group with CD significant differences between the study and control groups were observed only among boys. Phase angle, muscle mass, body cell mass and total body water were significantly lower in the boys with CD compared to the healthy subjects. Among girls, no significant differences were found (Table 4) . We performed additional analysis of phase angle scores in relation to reference values for healthy population developed by Bosy-Westphal et al. in the study conducted in Germany [20] .
One fifth of all the IBD population had phase angle below the 5th percentile and compared to control groups differences were significant both for UC and CD patients. In the analysis of fat mass, fat free mass and their indices (fat mass index and fat free mass index) we observed a significantly higher proportion of participants with FFMI below 9th or 2nd percentile among children and adolescents with CD compared to healthy children using reference values for healthy population obtained by Wells et al. [27, 28] (Table 5 ). 
Discussion
The primary objective of our study was to assess the body composition and nutritional status of hospitalized children and adolescents with IBD by using bioelectrical impedance analysis with phase angle calculation in comparison to healthy subjects, which has not been studied yet. BIA-derived phase angle score consists of the resistance and reactance values and reflects nutritional and functional status. Precisely, PhA in ranges between 5 • and 7 • indicates higher cellularity cell membrane integrity (20) , and it is also one of the best indicators of cell membrane function [29] . In the present case control study, we observed significantly lower PhA in the children and adolescents with IBD compared to the healthy controls. Also, several body composition parameters were significantly different between the IBD and control groups. Obviously, these parameters change in the course of the disease. Previous studies in pediatric IBD patients have reported a lower fat free mass in children with Crohn's disease compared to healthy controls [30, 31] . Furthermore, the study by Sylvester et al. demonstrated persistent deficits of lean mass despite implemented treatment [32] . The long-term consequences of this status are not clear, although a reduced muscle mass may be associated with less physical strain on bones and, therefore, reduced bone growth as well as predisposing to osteopenia and osteoporosis [33] . Thus, growth and nutritional status in pediatric patients with IBD should be considered in terms of body composition rather than a simple anthropometric change [34] . In their cross-sectional study, Pileggi et al. demonstrated that PhA is a sensitive method for identifying malnutrition risk at hospital admission and monitoring nutritional status of children during hospitalization [35] .
The results of the present study showed that selected body composition parameters (fat mass, fat free mass, muscle mass, total, intracellular and extracellular body water and body cell mass) and nutritional indicators (fat mass index, fat free mass index, body cell mass index and phase angle) are lower in children and adolescents with IBD than in healthy controls. The significantly lower BIA parameters and nutritional indicators were seen predominantly in children with Crohn's disease. In our study, PhA score was significantly lower in patients with both UC (P = 0.040) and CD (P = 0.009) groups. Wiskin et al. observed nutritional deficits in IBD children, particularly in the CD group. In these children recruited from the regional pediatric gastroenterology service, fat free mass was related to disease activity regardless of changes in weight [22] . Also, in a German study conducted in thirty-nine children and adolescents with IBD (27 Crohn's disease, 12 ulcerative colitis), phase angle α z-score was significantly lower compared to controls in both CD and UC patients as well as among boys and girls with IBD. Interestingly, although z-score in UC patients did not differ significantly from their healthy matches regarding height, weight, BMI and grip strength, phase angle α was significantly lower (p = 0.002) [25] . Our findings demonstrated significantly lower PhA in girls with UC (P = 0.038) and in boys with CD (P = 0.001). These differences were associated with lower body cell mass (P = 0.031 for girls with UC and P = 0.020 for boys with CD). A relatively high number of children and adolescents with PhA score below the 5th percentile in both UC and CD, and almost half of children below the 2nd percentile of FFMI score in patients with CD indicate high risk of malnutrition among children and adolescents hospitalized due to IBD. Also, BCM can be considered as a useful indicator of nutritional status in pediatric patients with IBD, due to its independency of hydration changes which occur with the disease [4] .
Despite our best efforts and inclusion to our study, almost all pediatric patients with IBD from the Podkarpackie Region, one of the most important limitation of our study is relatively low number of study participants. It did not allow us to find other significant differences between study and control groups. Also, due to the fact that assessment of important markers of inflammation (ESR, CRP) and nutritional status (albumin and/or pre-albumin level) was not done in all the children, we were not able to analyze association of these variables with BIA and PhA results. Searching for such relationships would be an intriguing implication for further research.
According to our findings and ESPEN recommendations, we suggest that phase angle score should be used mandatorily by clinicians, especially in IBD children and adolescents hospitalized in pediatric gastroenterology units to identify children at high risk of malnutrition. The predictive and prognostic value of our results needs to be determined in further, long-term prospective studies to assess its role in the IBD population.
Conclusions
Lower phase angle score together with lower body composition parameters and selected nutrition indicators in IBD children and adolescents demonstrate their worse nutritional and functional status compared to healthy subjects. To assess the predictive and prognostic value of these findings, further prospective studies in this population are required.
